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Abstract: A consumer-oriented twenty first century challenges garment and fabric producers to come up with  
innovations which result from the technological advancements to not only help in strengthening the existing product 
line but also to diversify and flourish in new areas. Many fragrant fabrics have been developed nowadays due to the 
reason of enjoying a healthy life style, and these novel products often possess additional functionalities which are 
good for human health. Not only does plant essential oil give off a pleasant smell but also the functions of antiseptic, 
antiphlogistic and emotional calming. In the present study, microencapsulation of geranium oil was carried out on 
cotton woven fabric. Geranium oil was selected as the core material and gum acacia as wall material for encapsula-
tion using complex coacervation technique and ratio of 1:4:4 of oil, gum and gelatin, at a temperature of 50°C with 
initial and final pH 4.5 and 9.0 respectively was optimized for microencapsulation process. Microencapsulation 
helped in controlling the release rate of aroma and imparted durable fragrance finish on textiles. 
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INTRODUCTION  
The consumers’ needs, demands and expectations of a 
healthier and more comfortable life are increasing eve-
ryday even when it comes to clothing. To achieve this 
simple but arduous aim, scientists, pharmacists, chem-
ists and physician have tried over years and years to 
figure out new directions to prevent and combat dis-
eases. In recent decades, people not only focus on us-
ing traditional medications and surgeries but also on 
other complementary therapies which lead to the quick 
development of natural therapies such as aromatherapy 
(Yuen and Annie, 2010). Essential oils which are basic 
ingredients of aromatherapy are effective to be as an 
alternative or complementary to conventional medical 
practices for conditions such as anxiety, depression 
and boosting cellular immune functions as many com-
mon essential oils have therapeutic properties like re-
live the pain, reduce stress and feel relaxed. Essential 
oils are the ethereal fraction obtained by physical 
means from a plant. These oils are also known as vola-
tile, ethereal oils or simply as the ‘oil of the plant’ 
from which they were extracted. Oil is ‘essential’ in 
the sense that it carries a distinctive scent or essence of 
the plant. Essential oils and plant extracts are assumed 
to be ecologically sound and there is generally an ab-
sence of unwanted side effects from the use of essen-
tial oils (West and Hitchcock, 2014). As fragrances are 
volatile so they evaporate away and do not stay for 
long periods and are not resistant to wash. Therefore 
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microencapsulation was found to be a solution to this 
problem. Microencapsulation is the process of  
surrounding or enveloping one substance within anoth-
er substance on a very small scale, yielding capsules 
ranging from less than one micron to several hundred 
microns in size. The encapsulation efficiency of the 
microparticles or microsphere or microcapsule  
depends upon different factors like concentration of 
the polymer, solubility of polymer in solvent, rate of 
solvent removal, solubility of organic solvent in water 
etc. This new technology involves the preparation of a 
core material having the desired characteristics in  
extremely tiny amounts surrounded by shells of limited 
permeability. The active core material should be  
protected from the external environment by the  
employment of effective technologies (Hidekazu  
Yoshizawa, 2004). Hence, the main objective of this 
study was to standardize the process of geranium oil 
microencapsulation. 
MATERIALS AND METHODS 
In the present study, microcapsule gel was prepared 
using geranium oil, gum acacia and gelatin using com-
plex coacervation technique (Bhat, 2012). Compara-
tive analysis on the various aspects such as size of  
microcapsule, uniformity in distribution and wall of 
the microcapsules was done and a standard process of 
microencapsulation was developed with specific ratios 
at specific conditions of temperature and pH. Wall 
material was used to encapsulate the core material. 
 Gum acacia was used as a wall material since this is 
natural easily available wall material.  Selection of 
core material was done keeping in mind the aroma and 
therapeutic effects of the oil. Hence, geranium oil was 
used as a core material.  
Gum was taken as the wall material and essential oil as 
the core material. Gelatin is the common ingredient in 
all the processes of complex coacervation. Various 
concentrations of the raw material and conditions were 
optimized. 
Standardization of preparation of microcapsules: 
The various variables of microencapsulation process 
i.e. ratio of oil, gum and gelatin, temperature and pH 
were optimized one by one. The basic recipe was mod-
ified by incorporating different amount of oil, gum and 
gelatin subjected to different ranges of temperature and 
pH and the resultant precipitate obtained after each 
process was analyzed under inverted microscope to 
ensure the formation of microcapsules and images 
were captured. For optimization, comparative analysis 
of the images were done for various aspects. The com-
binations of concentrations of oil, gum and gelatin 
which produced the desired results were further sub-
jected to optimization of the other variables. At a time 
the concentration of only one ingredient was varied 
and other ingredients and variables were kept constant. 
Microcapsule gel was prepared using the standardized 
recipe. Optimized ratio of gelatin was dissolved in 
warm water and was stirred at high speed for 10 min. 
Optimized ratio of essential oil (core material) was 
added to the solution at optimized temperature and pH 
of the solution was set at optimized initial pH. After 
that optimized ratio of gum acacia was dissolved in 
water and mixed with above solution. The whole solu-
tion was stirred at high speed for 20 min and tempera-
ture was lowered to 5 ºC for gel formation. The pH of 
the gel was set at optimized final pH. 1 ml of alcoholic 
formalin (17 percent) was added to the formed cap-
sules (Shweta et al., 2012). 
RESULTS AND DISCUSSION 
Standardization of preparation of microcapsules: 
Poonam Kumari et al. / J. Appl. & Nat. Sci. 9 (2): 1017— 1021 (2017) 
Fig. 1. Microcapsules at optimized ratio of geranium oil. 
Fig. 2. Microcapsules at different ratio of gum acacia. 
Fig. 3. Microcapsules at different ratio of gelatin. 
Fig. 4. Microcapsules at different temperature. 
Fig. 5. Microcapsules at different initial and final pH. 
Table 1. Optimization of ratio of geranium oil in microcapsule gel. 
Ratio of 
Oil: gum: gelatin 
Formation of 
microcapsules 
Parameters Rank 
Size of micro-
capsules 
Uniformity in size and 
distribution 
Wall of microcapsules 
0.5:4:4 No - - - - 
  1:4:4 Yes Medium Good Sharp and thick I 
1.5:4:4 Yes Small Good Very thin III 
  2:4:4 Yes Large Poor Thick II 
2.5:4:4 No -   - - 
  3:4:4 No - - - - 
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 Optimization of the proportion of geranium oil in  
microcapsule gel: Geranium oil forms the core materi-
al of the microcapsule and is basically responsible for 
the both i.e. fragrance and therapeutic effect. Micro-
capsule gel was prepared using different ratio of  
geranium oil i.e. 0.5, 1.0, 1.5, 2.0, 2.5and3.0. The gel 
was observed under inverted microscope to ensure the 
presence of microcapsules. The ratio of geranium oil 
optimized on the basis of visual assessment of three 
parameters i.e. size of microcapsules, uniformity in 
size and distribution and wall of microcapsules. The 
data presented in Table 1 and visual assessment of 
microcapsule gel indicate that though microcapsules 
were formed in three ratio of oil, gum and gelatin i.e. 
1:4:4, 1.5:4:4, 2:4:4 respectively (Fig. 1) but the micro-
capsules formed in the ratio of 1:4:4 were medium 
sized, good uniformity in size and the wall was also 
sharp and thick as compared to the capsules formed at 
other ratios i.e. 1.5:4:4, 2:4:4. Therefore, the ratio of 
geranium oil i.e. 1 was used for further optimization to 
achieve the best results. More amount of oil led to 
larger size of capsules and in some cases no gel for-
mation occurred as the gum and gelatin were not able 
to form wall around it. The above results were support-
ed by the finding of Agarwal and Goel (2010), who 
concluded that at the ratio of oil 1, medium size micro-
capsules were formed. 
Optimization of ratio of gum acacia in microcapsule 
gel: Gum acacia forms the wall/ outer core of the mi-
crocapsule and protects the oil from abrasion, sunlight 
and biodegradation thus provides a controlled release 
to the oil. Microcapsule gel was prepared using differ-
ent ratio of gum acacia i.e. 1, 2, 3, 4, 5 and 6. The data 
presented in Table 2 and visual assessment of micro-
capsule gel (Fig. 2) indicates that microcapsules were 
formed in four ratios of oil, gum and gelatin i.e. 1:2:4, 
1:3:4, 1:4:4 and 1:5:4. The microcapsules formed in 
the ratio of 1:4:4 were medium sized, had good uni-
formity in size and distribution and the wall was also 
sharp and thick as compared to the capsules in the oth-
er three ratios i.e. 1:2:4, 1:3:4 and 1:5:4, as these were 
very small to medium in size, having average to very 
poor uniformity in size and distribution, thin to thick 
walls of capsules. Therefore, the ratio 4of gum acacia 
was optimized. When the amount of gum was in-
creased the walls of the capsules started rupturing and 
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Table 2. Optimization of ratio of gum acacia in microcapsule gel. 
Ratio of 
Oil: gum: gelatin 
Formation of 
microcapsules 
Parameters Rank 
Size of microcap-
sules 
Uniformity in size and 
distribution 
Wall of microcapsules 
1:1:4 No - - - - 
1:2:4 Yes Very Small Average Thin III 
1:3:4 Yes Medium Good Thin II 
1:4:4 Yes Medium Good Sharp and thick I 
1:5:4 Yes Medium Very poor Thick IV 
1:6:4 No - - - - 
 Oil ratio: 1  
Table 3.   Optimization of ratio of gelatin in microcapsule gel. 
Ratio of 
Oil: gum: gelatin 
Formation of 
microcapsules 
Parameters Rank 
Size of microcap-
sules 
Uniformity in size and 
distribution 
Wall of microcapsules 
1:4:1 No - - - - 
1:4:2 No - - - - 
1:4:3 Yes Small Average Thin III 
1:4:4 Yes Medium Good Thick I 
1:4:5 Yes Medium + large Poor Sharp & thick II 
1:4:6 No - - - - 
Oil: gum- 1:4 
Table 4. Optimization of temperature for microencapsulation. 
Temperature 
(ºC) 
Formation of 
microcapsules 
Parameters Rank 
Size of microcapsules Uniformity in size and 
distribution 
Wall of microcapsules 
30 No - - - - 
40 Yes Small Good Thick III 
50 Yes Medium Good Thick I 
60 Yes Medium Poor Sharp and thick II 
70 Yes Very large Average Ruptured IV 
80 No - - - - 
Oil: gum: gelatin – 1:4:4 
1019 
 lumps were formed due to disproportionate ratio of oil 
and gum. Danfeng et al. (2012) also prepared olive oil 
microcapsules by complex cocervation and reported 
that microcapsules were formed at core to wall ratio 
1:3, as ratio more than this formed large size of cap-
sules and wall of capsules started rupturing.  
Optimizations of ratio of gelatin in microcapsule gel: 
Gelatin is a common ingredient of complex coacerva-
tion process and gives best results with gum acacia and 
oil. Microcapsule gel was prepared using different 
ratio of gelatin i.e. 1, 2, 3, 4, 5 and 6. The gel was ob-
served under inverted microscope to check the pres-
ence of microcapsules. The ratio of gelatin was opti-
mized on the basis of visual assessment on three pa-
rameters i.e. size of microcapsules, uniformity in size 
and distribution and wall of microcapsules.   
The data presented in Table 3 and visual assessment of 
microcapsule gel indicates that microcapsules were 
formed in the ratio of oil, gum and gelatin i.e. 1:4:3, 
1:4:4 and 1:4:5 (Fig. 3). The microcapsules formed in 
the ratio of  1:4:4 were medium sized, had good uni-
formity in size and distribution and the wall was thick 
as compared to the capsules in the  ratio of 1:4:3 and 
1:4:5, which were small in size, average uniformity, 
thin walls and medium+ larger in size with poor uni-
formity, sharp and thick wall of capsules respectively. 
Therefore the ratio 4 of gelatin was optimized. The 
results are in accordance with the Bhat (2012) who 
reported that gum acacia: lemongrass essential oil: 
gelatin of ratio 2:1:4 was the most appropriate ratio for 
formation of microcapsules of essential oil on cotton 
fabric. 
Optimization of temperature for microencapsulation: 
For optimization of temperature microencapsulation 
process was carried out at six different temperatures 
i.e. 30, 40, 50, 60 70 and 80 ˚C. The gel was observed 
under inverted microscope to check the presence of 
microcapsules. The temperature was optimized on the 
basis of visual assessment of three parameters i.e. size 
of microcapsules, uniformity in size and distribution 
and wall of microcapsules.   
It is clear from Table 4 and visual evaluation (Fig. 4) 
that at 30 and 80 °C temperature microcapsules were 
not formed. The microcapsules formed at 50 °C were 
medium sized, had good uniformity in size and distri-
bution and the wall was also thick as compared to  
microcapsules formed at 60 °C were also medium 
sized, poor distribution and sharp and thick walls but 
the capsules formed at 40 & 70 °C were small sized, 
had good uniformity, thick walls and very large in size, 
average uniformity with ruptured walls respectively. 
Hence 50 °C temperature was optimized for microen-
capsulation as higher temperature led to increase in 
evaporation of essential oils resulting in rupturing of 
walls and size of microcapsule increases. The results 
obtained are in line with the findings of Ganesan et al. 
(2012) applied microcapsules on single jersey knitted 
fabric and found that 40-50 °C temperature was suita-
ble for microencapsulation as the increased tempera-
ture led to increase in size of microcapsules resulting in 
wall rupture. 
Optimization of pH for microencapsulation: The role 
of pH is very important in microencapsulation as it is 
responsible for phase separation that leads to capsule 
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Table 5. Formation of microcapsules at different pH.  
Initial Ph / Final pH 4.0 4.5 5.0 5.5 6.0 6.5 7.0 
Formation of microcapsules 
7.0 x X X x X x X 
7.5 x X X x X x X 
8.0 x X X x X x X 
8.5 x X X x X x X 
9.0 Formed Formed Formed x X x X 
9.5 Formed Formed Formed x X x X 
10.0 Formed Formed Formed x X x X 
Oil: gum: gelatin-1:4:4, temperature- 50°C 
Table 6. Optimization of pH for microencapsulation. 
pH 
initial/final 
Formation of 
microcapsules 
Parameters Rank 
Size of microcapsules Uniformity in size and  
distribution 
Wall of microcapsules 
4.0/9.0 Yes Small Average Very thin VI 
4.0/9.5 Yes Small Poor Thin VII 
4.0/10.0 Yes Very small Poor Very thin IX 
4.5/9.0 Yes Medium Good Sharp and thick I 
4.5/9.5 Yes Medium Average Sharp and thick II 
4.5/10.0 Yes Medium Poor Thin VI 
5.0/9.0 Yes Medium Average Thick III 
5.0/9.5 Yes Large + medium Average Thick IV 
5.0/10.0 Yes Small Average Thin V 
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 formation. To optimize initial pH and the final pH, 
microcapsule gel was initially set at pH 4.0, 4.5, 5.0, 
5.5, 6.0, 6.5 and 7.0. After the completion of microen-
capsulation process and gel formation the final pH of 
the gel was set at 7.0, 7.5, 8.0, 8.5, 9.0, 9.5 and 10. 
Microencapsulation was carried out with optimized 
ratio of oil: gum: gelatin, temperature and pH. 
Table 5 reveals that microcapsules were formed only 
when the initial pH ranged from 4 to 5 and final pH 
ranged from 9 to 10. The pH range other than this was 
not suitable for phase separation and microcapsule 
formation with geranium oil. 
It is evident from Table 6 and visual analysis of micro-
capsule gel that the microcapsules formed at initial pH 
4.5 and final pH 9.0 were medium in size with good 
uniformity in size and distribution and thick and sharp 
walls (Fig. 5). Therefore these were optimized as opti-
mum initial and final pH for microencapsulation pro-
cess for the preparation of geranium oil capsules. The 
findings of Sukumar and Lakshmikantha (2010) also 
support the results as they reported that microcapsules 
were formed at initial pH ranged from 4-4.5 and final 
pH to be 9 for application on bleached cotton fabric. 
Thus it can be concluded that best results were ob-
tained when the ratio of oil: gum: gelatin was 1:4:4, 
temperature 50 ºC, initial pH 4.5 and final pH 9.0. The 
microcapsules formed with these optimized conditions 
were medium sized, had good uniformity in size and 
distribution with sharp and thick wall of capsules. The 
above results are accordance with the findings of Fa-
bien et.al. (2009), who reported that a temperature of 
60 °C and pH 9 was suitable for formation of medium 
size microcapsules of geranium oil.  
Conclusion 
The proportion of essential oil, gumand gelatin in the 
ratio 1:4:4 at temperature 50 °C with initial pH 4.5 and 
final pH 9.0 were optimum variable as the prepared 
microcapsules were medium sized, had good uniformi-
ty in size and distribution and sharp and thick walls of 
capsules. High temperature leads to rupturing of wall 
hence increase the capsule size. Medium sized micro-
capsules with sharp and thick walls and good  
uniformity in size and distribution was obtained at 
temperature 50 ˚C. Microcapsules were formed only 
when the initial pH was set at acidic pH between 4-5 
as phase separation takes place at this pH only. Thus, 
it can be concluded that these optimized variables can 
be used to prepare the geranium oil microcapsules for 
application on fabrics for the development of fragrant 
textiles.  
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